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Abstract 
This paper presents the details of experimental studies on the shear behaviour of a recently 
developed, cold-formed steel beam known as LiteSteel Beam (LSB). The LSB section has a 
unique shape of a channel beam with two rectangular hollow flanges and is produced by a 
patented manufacturing process involving simultaneous cold-forming and dual electric 
resistance welding. To date, no research has been undertaken on the shear behaviour of 
LiteSteel beams with torsionally rigid, rectangular hollow flanges. In the present investigation, 
experimental studies involving more than 30 shear tests were carried out to investigate the 
shear behaviour of 13 different LSB sections. It was found that the current design rules in 
cold-formed steel structures design codes are very conservative for the shear design of 
LiteSteel beams. Significant improvements to web shear buckling occurred due to the 
presence of rectangular hollow flanges while considerable post-buckling strength was also 
observed. Experimental results are presented and compared with corresponding predictions 
from the current design codes in this paper. Appropriate improvements have been proposed 
for the shear strength of LSBs based on AS/NZS 4600 design equations. 
1. Introduction 
Advanced roll-forming technologies and very thin (<1mm) and high strength steel 
(>550MPa) has significantly increased the use of thin-walled, cold-formed steel 
products in the building industry.The reasons for the popularity of cold-formed steel 
members include their wide range of applications, high strength to weight ratio, 
economy of transportation and handling, ease of fabrication and simple erection. 
Australian Tube Mills (ATM) has recently developed a new hollow flange channel 
cold-formed section, known as the LiteSteel Beam (LSB) shown in Figure 1. The 
innovative LSB sections have the beneficial characteristics of torsionally rigid closed 
rectangular flanges combined with economical fabrication processes from a single 
strip of high strength steel. They combine the stability of hot-rolled steel sections with 
the high strength to weight ratio of conventional cold-formed steel sections. 
Flexural and shear capacities of LSBs must be known for LSBs to be used as flexural 
members. Flexural behaviour of LSBs has been investigated recently by 
Mahaarachchi and Mahendran (2005) by using experimental and numerical studies, 
and hence the moment capacities of LSBs are available. However, the shear 
behaviour of LSBs has not been investigated. Past research (Porter et al. 1975, Lee et 
al. 1995) has been restricted to plate girders. Therefore a research project is currently 
investigating the shear behavior of LSBs including their shear yielding, elastic 
buckling, post-buckling and ultimate strength characteristics. This paper presents the 
details of experimental studies of the shear behaviour of LSBs and the results.                 
  
 
 
 
 
 
 
2. Experimental Study 
Experimental studies were carried out to investigate the Shear behaviour of LSBs 
using a series of primarily shear tests of simply supported LiteSteel beams subjected 
to a mid-span load (see Figure 2). Two LSB sections were bolted back to back using 
three T-shaped stiffeners located at the end supports and the loading point in order to 
eliminate any torsional loading of test beams. In order to simulate a primarily shear 
condition, relatively short test beams of span based on two aspect ratios (shear span a/ 
clear web height d1 ) of 1 and 1.5 were selected. A 20 mm gap (see Figure 2) was 
included between the sections to allow the test beams to behave independently while 
remaining together to resist torsional effects. The stiffeners were used to avoid 
eccentric loading and web crippling. Figure 2 shows the experimental set-up used in 
this research. Table 1 presents the experimental results while Figure 3 shows the 
typical shear failure modes LSB. In Table 1 LSB sizes are given as depth (d) x width 
(bf) x thickness (t) (see Figure 1). As seen in Table 1 and Figure 3, the LSB shear 
failure modes can be classified into three regions such as shear yielding, inelastic 
shear buckling and elastic buckling.   
As seen in Figures 3 (a) to (c), web side plates (WSP) of almost full web height (92 to 
98% of web height) were used at the supports. The effect of varying the height of 
these web side plates and using only one web side plate to simulate practical 
applications have also been tested, and the results are given in later sections. 
 
 
 
 
 
 
 
 
 
Figure 1: LiteSteel Beam 
(c) Elastic Shear Buckling 
200x45x1.6 LSB 
(b) Inelastic Shear Buckling 
200x60x2 LSB 
(a) Shear Yielding Failure of 
125x45x2.0 LSB  
Figure 3: Shear Failure Modes of LSBs
Figure 2: Experimental Set-up 
Loading 
T-shaped 
Stiffeners 
Displacement 
Transducer 
Table 1: Experimental Results 
Test 
No. 
LSB 
Section d1/tw (a/d1)
Ult. 
Load 
(kN) 
Shear 
Strength 
(MPa) 
Shear Failure 
Modes 
1 125x45x2.0 47.5 1.55 56.94 299.7 Shear Yielding 
2 200x45x1.6 106.3 1.5 54.19 199.2 Elastic Shear Buckling 
3 200x60x2.0 80.0 1.5 73.98 252.6 Inelastic Buckling 
4 250x60x2.0 105.0 1.5 >75.00 182.9 Inelastic Buckling 
5 300x60x2.0 130.0 1.5 >75.00 152.5 Elastic Shear Buckling 
6 300x75x2.5 100.0 1.5 125.14 200.2 Inelastic Buckling 
7 250x75x2.5 80.0 1.5 118.85 237.7 Inelastic Buckling 
8 200x60x2.5 64.0 1.5 110.00 275.0 Shear Yielding 
9 200x60x2.5 64.0 1.6 107.93 269.8 Shear Yielding 
10 200x60x2.0 80.0 1.6 79.38 248.1 Inelastic Buckling 
11 200x45x1.6 106.3 1.5 56.80 208.8 Elastic Shear Buckling 
12 200x45x1.6 106.3 1.0 63.58 233.8 Elastic Shear Buckling 
13 200x60x2.5 64.0 1.0 119.34 298.4 Shear Yielding 
14 200x60x2.0 80.0 1.0 88.15 275.5 Inelastic Buckling 
15 300x60x2.0 130.0 1.0 93.00 178.8 Elastic Shear Buckling 
16 250x75x2.5 80.0 1.0 139.62 279.2 Inelastic Buckling 
17 300x75x2.5 100.0 1.0 143.74 230.0 Inelastic Buckling 
18 250x60x2.0 105.0 1.0 90.13 214.6 Inelastic Buckling 
19 150x45x2.0 60.0 1.0 68.46 285.3 Shear Yielding 
Note: The WSP height was more than 90% (92% to 98%) of LSB web element height 
in Table 1. 
3. New Proposed Formulae for the Shear Strength of LiteSteel Beams 
Keerthan and Mahendran (2008) showed that there is additional fixity in the web-
flange juncture of LSBs. Therefore new design shear strength formulae were 
proposed for LSBs based on the design equations given in AS/NZS 4600(SA, 2005) 
and the increased shear buckling coefficient for LSBs as given by Equation 4. 
Equations 1 to 3 present the relevant design equations.  
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where d1 = Depth of flat portion of web measured along the plane of the web,               
tw = Thickness of the web, fy , E =Yield stress and Modulus of elasticity of steel;  kLSB 
= Shear buckling coefficient of LSB and kss, ksf = Shear buckling coefficients of 
plates with simple-simple and simple-fixed boundary conditions. 
4. Comparisons of Experimental Shear Capacities with Predictions from the 
Proposed Design Formulae 
In order to assess the accuracy of the proposed shear strength formulae, they were 
compared with experimental results. Figures 4 and 5 show the new design curves 
based on the proposed equations (1 to 3) and compare them with the experimental 
capacities and AS/NZS 4600 design equations.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Shear Strength of LSB versus Web Height to Thickness Ratio (d1/tw) 
Aspect Ratio = 1,  fy web = 430 MPa 
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Figure 5: Shear Strength of LSB versus Web Height to Thickness Ratio (d1/tw) 
Aspect Ratio = 1.5,  fy web = 430 MPa 
Figures 4 and 5 show that the shear capacities predicted by the current design rules in 
AS/NZS 4600 are very conservative for shear buckling of LiteSteel beams. The new 
design rules proposed in this paper appear to improve this situation. However, the 
comparison with experimental results shows that they are still conservative. 
Presumably because of lack of experimental evidence on the shear capacity of plates 
without stiffeners, the current design codes do not include the post-buckling strength 
in shear, and the design shear stress in webs is therefore limited by the elastic 
buckling capacity (Suter and Humar, 1986). This research has shown that significant 
reserve strength beyond elastic buckling is present and that post-buckling shear 
strength in LSBs can be included in their design (see Figures 4 and 5).  
5. Effect of One Web Side Plate on Shear behavior of LiteSteel Beams 
In some applications of LSBs in the building industry they are used with only one 
web side plate (WSP) at supports. In order to investigate the effect of web side pate 
(WSP) on the shear behavior of LiteSteel beams experimental studies were carried 
out.  In these tests one WSP was used to investigate its effect on the shear capacity of 
LSB (Figures 6 (b) and (d)) where the outside WSP (Heel side) effectively prevents 
the lateral displacements of the top flange at support that occurs due to the shear flow 
action. In contrast the bottom flange moves towards the opposite side (Toe side) due 
to the shear flow action as the web element is not fully supported by the inside WSP 
(Toe side). To prevent the lateral movement of bottom flange, bolts should be located 
near the bottom flange. Table 2 presents the shear capacities of LiteSteel beams with 
one WSP and compares them with the shear capacity of LiteSteel beams with two 
WSP. It shows that there is about 20% capacity reduction due to the lateral movement 
of the bottom flange. Proposed shear design formulae (Equations 1 to 3) can be used 
with the one web side plate support conditions but with a reduction factor of 0.8.  
d1/tw
Table 2: Comparison of Experimental Results for LSBs with Web Side Plates on 
One Side and Both Sides 
 
Test 
No. LSB d1/tw (a/d1) 
One 
Side 
WSP 
(kN) 
Both 
Side 
WSP 
(kN) 
 
OS WSPx100 
BSWSP 
Failure 
Modes 
1 200x60x2.5 64 1.5 90.12 110 81.93 % Shear Yielding 
2 250x60x2.0 105 1.5 61.12 75 81.49 % Inelastic Shear buckling 
3 200x45x1.6 106 1.5 43.91 56.8 77.31 % Elastic Shear Buckling 
4 200x60x2.0 80 1.6 62.89 79.38 79.23 % Inelastic Shear buckling 
5 200x60x2.5 64 1 89.09 119.3 74.65 % Shear Yielding 
6 200x60x2.0 80 1 71.28 88.15 80.86 % Inelastic Shear buckling 
 
                                Zero Shear Flow Point 
 
 
 
 
 
 
 
 
 
6. Effect of Web Side Plate Height on Shear behavior of LiteSteel Beams 
In order to investigate the effect of web side plate height (WSP) on the shear behavior 
of LSBs, further shear tests were carried out. Table 3 shows the details of the test 
specimens used and the results. In Tests 1 to 5, a tendency of the LSB flanges to 
displace laterally was observed (see Figures 7 (b) and (d)). At the support, the top 
flange of the LSB tended to displace laterally towards the heel side of the flange 
while the bottom flange displaced towards the opposite side (the toe side) due to the 
shear flow action. This occurred when the full depth of LSB web element was not 
supported by the web side plate (WSP), ie. the WSP height (s) was less than the web 
height (d1). This led to reduced restraint to the lateral movement of flanges. In 
contrast, when full lateral support was provided to the LSB top and bottom flanges at 
the supports by using WSPs with full web height as shown in Figures 7 (a) and (c), 
the LSB top and bottom flanges were effectively prevented from lateral displacement 
at the supports. Table 3 and Figure 8 show that the shear capacity of LSB increases 
with increasing height of web side plate. Proposed shear design formulae (Equation 1 
Figure 6: Effect of Web Side Plates for 200x45x1.6 LSB 
(a)  (b)  (c) (d)  
Toe 
   Heel 
Lateral movement of bottom 
flange with one WSP
No movement of bottom 
flange with two WSPs
to 3) are valid when the WSPs are used to the full height of the web element at the 
supports (ie. no lateral movements of top and bottom flanges).  For the 200x45x1.6 
LSB, it was found that there is about 16% shear capacity reduction when the web side 
plate height to clear web height ratio (s/d1) decreases from the 0.92 to 0.82. 
 
 
 
 
 
 
 
Figure 7: Effect of Web Side Plate Height for 200x45x1.6 LSB 
Table 3: Experimental Results Showing the Web Side Plate Height Effect 
 
Note: WSP sizes are given as height (s) x width; d1 = Depth of flat portion of web 
element measured along the plane of the web. 
 
Test 
No 
LSB 
Section 
Aspect 
Ratio WSP Details 
s/d1 
% 
Ult. Load 
(kN) Failure Mode 
1 150x45x1.6 1.54 Both sides:  90x75 75 41.67 
Inelastic Shear 
Buckling 
2 150x45x1.6 1.00 Both sides:  90x75 75 43.50 Shear Yielding 
3 150x45x2.0 1.00 Both sides:  90x75 75 61.22 Shear Yielding 
4 150x45x2.0 1.54 Both sides:  90x75 75 53.84 Shear Yielding 
5 200x45x1.6 1.50 Both sides:140x75 82 45.50 
Elastic Shear 
Buckling 
6 150x45x1.6 1.50 Both sides:105x75 88 47.00 
Inelastic Shear 
Buckling 
7 150x45x2.0 1.50 Both sides:105x75 88 59.50 Shear Yielding 
8 150x45x2.0 1.00 Both sides:105x75 88 68.46 Shear Yielding 
9 200x45x1.6 1.50 Both sides:156x75 92 54.19 
Elastic Shear 
Buckling 
(a)  (b)  (c) (d)  
No movement of flange 
with full height WSPs
Lateral movement of flange 
without full height WSP
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Figure 8: Shear Capacity versus Ratio of WSP Height to Clear Web Height  
7. Conclusions 
This paper has presented the details of an experimental investigation into the shear 
behaviour of an innovative cold-formed hollow flange channel section known as 
LiteSteel beams. More than 30 pure shear tests were undertaken using a three point 
loading arrangement. It was found that AS/NZS 4600 design equations are 
conservative for the shear buckling design of LSBs. It was found that significant 
reserve strength beyond elastic buckling is present and that post-buckling shear 
strength can be included in design. Appropriate improvements have been proposed 
for the shear strength of LSBs based on AS/NZS 4600 design equations. It was found 
that the effect of using one WSP on the shear behavior of LiteSteel beam is 
significant and there is about 20% shear capacity reduction due to the lateral 
movement of the bottom flange at the supports. Shear capacity of LSB was also found 
to decrease when full web height side plates were not used. 
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